Refractive Changes Induced by Recession of the Medial Rectus and the Inferior Oblique Muscles Abstract Purpose: To investigate refractive changes after strabismus correction by combined recession of the Medial Rectus (MR) and Inferior Oblique (IO) muscles.
Introduction
The influences of strabismus surgeries on the refractive error have been investigated for many years; however, the methodology of the reports differ significantly in regards to the study population, surgical procedure, measuring methods and statistical analysis.
Marshal, who was the first to describe in 1936 the relations between strabismus surgery and refractive change, reported a change in astigmatism in 60% of the patients [1] , later reports found a weaker association between strabismus surgeries and induced refractive error, with a leading finding of a transient astigmatic change after horizontal recti muscle surgery towards with-the-rule direction [2] [3] [4] [5] [6] [7] . There is no consensus among previous publications as to the clinical significance of the refractive changes [3, [5] [6] [7] [8] [9] [10] . Though several publications found no statistically significant change in Spherical Equivalent (SE) [2] [3] [4] [5] , there are reports of a transient myopic shift [5, 11, 12] . Hong et al., reported a significant change in SE towards myopia in a pediatric population operated for exotropia [7] . Although due to their study design such results might have been due to the strong accommodation in children, our group recently observed similar changes in showed that similar refractive changes occur also in adults 13 and the induced refractive changes were statistically analyzed. Vector analysis was used to examine the magnitude of the toric change. The proportion of clinically significant refractive change was evaluated as well. <italic>Results</italic> . Thirty-one eyes from 22 subjects met the criteria and were included in the final analysis. A significant postoperative refractive change of the spherical equivalent towards myopia and a change of the astigmatism in the with-the-rule direction were observed. In a subset of 9 cases a third cycloplegic refraction measurement demonstrated stable refraction compared to the 1-month postoperative measurement. In 10 cases of single eye surgery, significant refractive changes were observed only in the operated side when compared to the sound eye. The induced surgical refractive change was of clinical significance (≥0.5 D and that are significantly different than those observed in the non-operated eye [14] .
Most of the previous studies included single muscle surgery [2, 3, 5, 8, 12, 15, 16] . While there are several publications on surgeries involving both horizontal extra-ocular muscles [2, 7] , we did not find any series describing refractive change after combined horizontal and oblique muscles strabismus surgery.
Inferior Oblique (IO) muscle weakening procedures are used to for correction of IO overaction, which commonly develops in individuals with infantile esotropia. In many such cases, the procedure is done concomitantly with medial rectus recession. The purpose of this study is to determine the change in refractive error after strabismus surgery that involves both the MR and IO muscles by using the mathematical methods for analyzing and reporting aggregate surgically induced refractive changes as described by Holladay et al. [17] . In addition to the statistical significance of the refractive change, we evaluated the proportion of clinically significant (≥ 0.5 Diopter of change) refractive changes as well.
Materials and Methods

Subjects
We retrospectively reviewed all charts of patients treated at one of the author's clinic (XX) and who have undergone strabismus corrective surgery by recession of the medial rectus muscle combined with inferior Oblique Muscle Recession (IOR) or Inferior Oblique Muscle myectomy (IOM). All procedures were performed by one of the authors (XX). Cases were included if the chart contained refraction examination measurements both preoperatively and at 1 month after surgery. Exclusion criteria included a history of ocular surgery, congenital or progressive corneal disease, familial or acquired posterior segment disease, glaucoma, a history of ocular trauma, or neurological or systemic disease.
Cycloplegic refraction was performed 30 minutes after instillation of 1% cyclopentolate and, 2 minutes apart [18] . All refractions were performed by one of the authors (XX) by using a hand held retinoscopy in a darkened room.
One of the authors (XX) performed all of the surgeries between August 1988 and September 2014, which included fornix conjunctival incisions and recession of the MR muscle combined with either recession or myectomy of the IO muscle.
For each patient the following data was reviewed: age of patient at time of surgery, sex, motor alignment before and after the surgery at near and distance fixation, type of surgery performed, extent of recession of each muscle and refraction before and after the surgery.
The study was approved by the institutional review board of XXXXXXXXXXX and was fully compliant with the principles of the Declaration of Helsinki.
Statistical analysis
In order to evaluate the surgical induced refractive changes (SIRC) the difference between each postoperative refraction and the respective preoperative refraction was calculated using double-angle mathematical methods for subtraction of refractions, which were first described by Naylor [19] and further developed by Holladay, Retzlaff, and others [20] [21] [22] . Statistical analysis of the aggregate data was performed according to the methods further described by Holladay et al. [17] . We compared postoperative refractive measurements with the corresponding preoperative value by applying Wilcoxon signed-rank test. In addition, cases were stratified and compared with respect to procedure type (i.e. IOR versus IOM), using Man-Whitney and student's t-test as necessary for continuous variables and Fisher's exact test for categorical variables.
Lastly we evaluated the clinical significance of the changes. A change in refractive power of 0.5D or more was considered clinically significant. One-sample binomial test was used to evaluate whether the proportion of clinically significant changes was greater than an acceptable 10%. All statistical analyses were performed using IBM SPSS statistics 22 program (IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.). A P-value less than 0.05 were considered statistically significant.
Results
A total of 55 eyes from 28 subjects, met the above criteria and were included in the final analysis, of which 31 in the IOR group and 24 in the IOM group. The mean age of the 13 males and 15 females was 3.28 ± 2.11 and 5.93 ± 5.85 years respectively. Table 1 summarizes the baseline characteristics of the study group. No significant differences between the two surgical groups were found in terms of age or preoperative spherocylinder.
A summary of preoperative and 1 month postoperative cycloplegic refraction is depicted in table 2. All power parameters (e.g. sphere, cylinder and SE) changed significantly between two measurements (P < 0.05). Statistical significance maintained after stratification according to IO weakening procedure.
Since the outcome of astigmatic correction depends on the axis as well as the magnitude of the toric change, vector analysis was used to examine these changes. After calculating the SIRC for each eye, the method described by Holladay and colleagues [17] for evaluating and reporting astigmatism for aggregate data was applied. Table  3 summarizes the SIRC according to surgical approach. Overall the magnitude of surgically induced cylinder was found to be significantly different from zero (+0.53 ± 0.67, p < 0.0001) as well as the induced SE (-0.13 ± 0.40, p = 0.028) ( Table 3) . Statistical significance was maintained in both surgical approaches with the exception for the surgically induced SE which was non-significant in the IO recession group. Figure 1 illustrates the surgically induced cylinder power using a double-angle plot. In a subset of 10 cases a third cycloplegic refraction measurement was available from a subsequent follow-up visit (mean 323 ± 121 days after the surgery), which did not differ significantly from the 1-month postoperative measurement.
We observed a substantial proportion of cases with clinically significant refractive changes after surgery. Figure 2 depicts the proportion of cases where the refractive change was of clinical significance in each parameter. Using one sample binomial test we found all proportions to be significantly different from an acceptable 10% rate for changes equal or greater than 0.5D as well as for changes equal or greater than 0.75D (P < 0.0001). Statistical significance was maintained in all sub-groups after stratification according to surgical technique.
No significant association was found between the extent of MR or IO recession and the changes in refractive measurements. b Calculated using double-angle mathematical methods for subtraction of refraction. 
Discussion
In this study, we evaluated SIRC following combined recession of the MR and IO muscles. To our knowledge and after carefully reviewing the present literature, there have yet been any reports regarding refractive changes following such type of strabismus correction. Similar to previous studies [2] [3] [4] [5] [6] [7] , we found a significant positive change in the cylinder magnitude and axis towards with-the-rule direction. As one can see in tables 2 and 3, the refractive changes proved to be statistically significant in both type of IO weakening procedures.
As our main research question regards the clinical significance of the refractive change, we present in figure 1 the surgically induced astigmatism data using the value of the cylinder for the magnitude and the axis of the astigmatism for the angle. For each point on the plot; the larger the distance from the center of the plot, the larger is the cylindrical power induced by the surgery, although most of the points are within a 1D of astigmatism, over a third of patients had an astigmatic change >1D and in three cases the astigmatic change is >2D.
We also presented separately in figure 2 the proportion of cases in which refractive change was clinically significant. In 10.9% of eyes the SE change was ≥ 0.5D, the change in the cylinder power alone and the sphere power alone were ≥ 0.5 in 70.9% and 65.5% of the eyes respectively.
A major disagreement among previous publications, regards the duration and therefore clinical significance of the refractive changes. While some investigators concluded that the refractive error change was transient [5, 8] , others reported a long lasting clinically significant refractive change [3, 6, 7, 9, 10] . In some studies the absolute refractive change was not found significant but there was a clinically significant change in a subset of patients; Nardi et al., concluded that the change in refractive error after horizontal muscle surgery is transient and insignificant, although they found residual astigmatism of >1D and of >0.5D at 30 days post-op among 6% and 12% of their patients, respectively [8] . Rajavi et al., also concluded the refractive change to be non-significant although 16% of their patients had astigmatic power change equal or more than 1D 3 months after the surgery [5] . Schworm et al., reported a lasting induced astigmatism of more than 3D in 4% of their patients 3 months after the surgery [16] . Unfortunately, we do not have a longer than one month follow up for all our cases, as many do not return for further examination after the strabismus has resolved and some object further Cycloplegic examinations, in a subgroup of 10 eyes (18.1%) a third cycloplegic refraction performed at least 161 days postoperatively, found the operative induced change to be stable.
According to the results of this study, refractive error after strabismus surgery of combined IO and MR rectus recession changes significantly. Although the mean change is not clinically significant, there was a clinical significant change in over 50% of the patients, similar to previous reports [ADD REFF], which might interfere with binocular vision, amblyopia treatment or even cause amblyopia in very young subjects.
Several mechanisms were offered to explain the change in refraction. The main theory regarding the change in the spheric power and cylinder power and axis relates to corneal changes [1, 3, 11, [23] [24] [25] . However the operation conducted in most of these studies involved horizontal muscles alone. Kushner et al., demonstrated that oblique muscle surgery produce a long term cyclotortion which leads to a suitable change in the cylinder axis of approximately 10 degrees [15] . The induced cylinder axis in the current study was similar to that reported in previous studies on MR recession alone, meaning that the additional IO recession did not seem to have a major effect. A possible explanation is that the weakening procedure used by Kusnher et al., consisted of a recession to a point 3mm posterior and 2mm temporal to the temporal end of the inferior rectus insertion rather that 14mm recession or myectomy as was done in the present study. It should be noted that no significant differences were observed between the two IO weakening techniques that were reviewed in the present study in terms of refractive changes.
The results of this study should be interpreted within the context of its limitations. This is a retrospective review and it is subject to the selection and follow-up bias inherent to all retrospective reviews. In addition, there is a variation in age at time of surgery which has not only implications in terms of risk of amblyopia development, but might also prove to be a risk factor for postoperative refractive changes.
In summary we agree with previous reports [3, 6, 7, 9] , in which the refractive change was found to be clinically significant. Therefore, we strongly support informing all patients prior to strabismus surgery about a reasonable risk of refractive change and as we believe all patients should be re-refracted one-month post operatively and afterwards again as needed.
